). The dot line indicates the spectrum probed at 0 ps. c, The dynamics probed at 580 nm for the twisted bilayer graphene, and Si/SiO 2 substrate.
Supplementary Note 2.
Reflection mode TA experiments were performed on twisted bilayer graphene, fabricated by overlapping two pieces of graphene flakes (grown by CVD method) on a Si/SiO 2 (300 nm) substrate 3 . In Supplementary Figure 7b , for the TA spectra of the twisted bilayer graphene, compared to the pure Si/SiO 2 substrate, there is an additional negative signal. By subtracting the contribution from the substrate, the spectrum presented in the inset of Supplementary Figure 8b is obtained. A large negative signal peaked at 580 nm (2.14 eV) can be found for the pure twisted bilayer. According to the observed energy gaps for the parallel bands (which represent the state of Van Hove singularity, VHS), E VHS = E 0 sin(3) with E 0 = 3.9 eV 4 in the three measured samples, and a twist angle around 11~12 between the two graphene layers in the twisted bilayer graphene can be deduced, which is consistent with previous reports 5, 6 . The characteristic The other mechanism, which is more feasible, involves photogenerated band-edge excitons jumping firstly into the high excited states by the exciton-exciton annihilation, and then fast tunneling to the C-exciton state by an energy state hybridization 8 .
Furthermore, since the excited states of B-exciton are always slightly higher than those of A-exciton in energy, our global analysis for the positive excited-state absorption peak in the high-energy region in Supplementary Figure 9c ,d may also reflect this trend. In 15 summary, regarding our proposed upconversion process, it combines the two following processes in the following way: firstly, the band-edge exciton-exciton annihilation effect, which produces high-energy excited-state excitons of band-edge excitons. From our global analysis on the band-edge excitation cases, we deduce that the highest excited-states of band-edge excitons are occupied due to the exciton-exciton annihilation effect; and secondly, a tunneling process, which is indeed feasible according to the theoretically predicted hybridization between these excited states and the C-exciton state.
In this context, the large energy difference between the C-excitons and band-edge excitons can be overcome even at room temperature.
There are also some differences between 600 nm and 650 nm excitations. Finally, we mention that the set of excited states at 2.60 eV predicted by S. G. Louie et al. 8 , which hybridizes slightly with the excitons forming peak C (2.80 eV), matches well with our global analysis showing excited states of band-edge excitons at 2.54 eV, close to the C-exciton state (2.88 eV). This supports our hypothesis of a fast tunneling mechanism from these excited states to the C-exciton state. 
